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ABSTRACT OF THESIS

TANGLEWOOD TRAIL WALKING AND VOUCHER PROGRAM
Rural Appalachian populations have greater rates of obesity and chronic diseases
attributed to lesser consumption of fruits and vegetables (F/V) and physical inactivity.
Barriers to F/V consumption and physical activity include poor access and affordability.
To help overcome these barriers, a community-initiated walking and farmers market F/V
voucher program was implemented.
Participants were encouraged to walk (1.2 miles roundtrip) to the local farmers
market to redeem a $10 voucher which could only be spent on F/V. The 16-week
program (June – Sept) included 121 participants. Data was analyzed by creating two
groups, low-engagers and high-engagers that differed significantly in the number of times
walked to the market and redeemed vouchers, p<0.0001.
Among all participants’ significant decreases were seen in total cholesterol, LDL,
ratio of total cholesterol/HDL cholesterol, 10-year risk of heart disease or stroke score,
and hemoglobin A1c (p< 0.05). Significant increases were seen in HDL, quantity and
variety of F/V consumption among all participants and the high-engagers group. There
were improvements in knowledge pertaining to participants’ awareness of the term
“phytonutrient” with correctly identifying plant-based foods as the source (p=0.01).
Results demonstrate that a community-based walking and farmers market F/V
voucher program can improve health in a Rural Appalachian population.
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CHAPTER 1. INTRODUCTION

Background
There is concern for the continued rise in obesity in America, especially in rural
populations. According to the Centers for Disease Control and Prevention, 35.1% of
adults in Kentucky are overweight and 31.6% are obese ("Kentucky State Nutrition,
Physical Activity, and Obesity Profile," 2016). Rural communities have up to a 6.2%
greater prevalence of obesity compared to urban communities (Umstattd Meyer et al.,
2016).
Poor dietary habits and physical inactivity are the top causes of the obesity
epidemic (Ross, Flynn, & Pate, 2015). Consuming fruits and vegetables, along with
regular physical activity, decreases the risk for developing co-morbidities of obesity, such
as diabetes, hypertension and cardiovascular disease (Gustafson et al., 2018; Moczulski,
2006). The majority of Americans, including those in rural communities, do not meet
current fruit and vegetable consumption recommendations or the moderate physical
activity recommendations of 150 minutes per week (Barnidge, 2013; "Current Physical
Activity Guidelines," 2016). In Kentucky, 46% of adults reported consumption of fruit
less than once daily; 24.9% reported vegetable consumption less than once daily; and
only 46.0% reported 150 minutes of moderate to intense physical activity per week
("Kentucky State Nutrition, Physical Activity, and Obesity Profile," 2016). Moreover, the
rural Appalachian population has some of the worst diet and lifestyle related health issues
in the U.S., including obesity, hypertension, or pre-diabetes and diabetes (Halverson,
2004; McCraken, 2012).
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Community-based initiatives designed to utilize the resources within
communities, such as farmers market voucher programs and walking programs, have the
potential to improve fruit and vegetable consumption and physical activity by promoting
healthier food options and physical activity (An, 2014; Sarah Hanson, Cross, & Jones,
2016; Meyer et al., 2016). In this study we investigated the feasibility of delivering a
combined community-level walking and farmers market voucher program and assessed
changes in behavior related to levels of physical activity and fruit and vegetable
consumption, and biometric and anthropometric health parameters, in a rural Appalachian
setting.
Problem Statement
Rural communities are at high risk for developing diet and lifestyle-related
chronic diseases due to poor fruit and vegetable consumption and physical activity habits.
It is unknown if a combined community-based walking and farmers market voucher
program can improve levels of physical activity, fruit and vegetable consumption and
health parameters in a rural Appalachian community. To improve health outcomes among
rural Appalachian residents, there is a need to develop accepted community-based
initiatives that target increased fruit and vegetable consumption and physical activity
(Middleton, Henderson, & Evans, 2014).
Purpose
The purpose of this quasi-experimental study was to determine if a sixteen-week
intervention that combined walking, a $10 fruit and vegetable farmers market voucher
and nutrition education improved health parameters in a rural Appalachian community.
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Participants were encouraged to walk to the local farmers market where they received
their fruit and vegetable voucher. Nutrition education materials were given to all
participants to discuss the benefits of fruits and vegetables.
Research Questions
1. How is participation in a sixteen-week walking and farmers market voucher
program associated with changes in anthropometric/biometric parameters?
2. What effect did the farmers market voucher program have on the quantity and
variety of self-reported fruit and vegetable intake following the sixteen-week
intervention?
3. What effect did education have on phytonutrient knowledge and awareness
following the sixteen-week intervention?

Research Hypotheses
1. Over the course of a sixteen-week farmers market walking and voucher program,
participants will have significant improvements in anthropometric/biometric
measures.
2. Over the course of a sixteen-week farmers market walking and voucher program,
participants will significantly increase their self-reported quantity and variety of
fruits and vegetables consumed.
3. Over the course of a sixteen-week educational intervention, participants will
significantly increase their awareness and knowledge of phytonutrients.
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CHAPTER 2. LITERATURE REVIEW
Introduction
Greater than 70% of US adults are either obese or overweight. Associated
lifestyle behaviors of fruit and vegetable consumption and physical activity are low.
Problems with access and affordability, especially in rural populations, contributes to
poor participation in these critical practices (Tarasenko, Howell, Studts, Strath, &
Schoenberg, 2015). Walking programs and fruit and vegetable voucher programs are two
community interventions that use community assets to reduce barriers of access and
affordability while encouraging motivation to engage in positive lifestyle behaviors
within the local community (Caitlin, Sarah, Laura, Kelli, & Altamae, 2018). Studies on
walking groups and farmers market voucher programs have demonstrated the benefits of
both regarding increased physical activity and fruit and vegetable consumption in rural
communities (An, 2014; Barnidge, 2013; Gustafson et al., 2018; Zoellner et al., 2007).
Improved Health Outcomes Associated with Fruit and Vegetable Consumption
Fruits and vegetables are rich in not only fiber, vitamins and minerals, but also
phytonutrients (Pan et al., 2017). Phytonutrients are derived from plant-based matter that
have a diverse impact on health ("What are Phytonutrients,"). Fruits and vegetables
provide major sources of phytonutrients. Phytonutrients are associated with the colors of
produce and are typically organized into 5 color categories; green, red, white, blue/purple
and orange/yellow. Their protective effects are elicited by attenuating oxidation and
inflammation pathways in the body (Pan et al., 2017). Increased fruit and vegetable
intake elicits many health benefits including weight management and even weight loss
(Ledikwe et al., 2006; Sartorelli, Franco, & Cardoso, 2008). As well, consuming a variety
4

of fruits and vegetables has been associated with improved chronic disease management
and prevention (Arya, Karimian, Krishnasamy, & Chowdhury, 2018; Ennian et al., 2018;
Zhang, 2011).
Improved Health Outcomes Associated with Physical Activity
It is also well known that regular physical activity improves health and can
ultimately decrease mortality risk. Positive changes are evident on systolic and diastolic
blood pressure, resting heart rate, body fat, body mass index (BMI), total cholesterol,
maximal oxygen uptake, depression, walk time and quality of life for physical
functioning. Studies have shown that even the slightest improvements in walking can
reap health benefits (S. Hanson & Jones, 2015; Murphy, Nevill, Murtagh, & Holder,
2007). Increasing walking time among sedentary adults was shown to decrease body
weight, BMI, percent body fat and systolic blood pressure (Murphy et al., 2007). Hanson
et al. found that changes in systolic and diastolic blood pressure, resting heart rate, body
fat, BMI, total cholesterol, VO2max, depression, 6-minute walk time, and quality of life for
physical functioning occurred even when 75% of the participants were still not meeting
moderate physical activity guidelines (S. Hanson & Jones, 2015). Celis-Morales et al.
reported that walking pace had an independent effect on health indicators aside from total
time spent on physical activity (Celis-Morales et al., 2018).
Health Disparities in Appalachian Eastern Kentucky
Kentucky ranks near the bottom of all U.S. states in key health indicators, coming
in at 42nd in overall health outcomes in the 2017 America’s Health Rankings Report.
Kentucky has more than half of their adult population as overweight and obese.
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Specifically, 35.1% of adults are overweight and 31.6% are obese ("Kentucky State
Nutrition, Physical Activity, and Obesity Profile," 2016). As well, the Commonwealth
sees higher rates of cancer, cardiovascular deaths, diabetes and premature death than
most of the nation. These health indicators are even more stark in the Appalachian region
of Kentucky and are further complicated by numerous socioeconomic challenges. Letcher
County, Kentucky is located in the Appalachian region in the eastern portion of the
commonwealth where coal mining is a declining industry that supported the local
economy for generations ("Industries in Letcher County, Kentucky," 2018). In 2017,
Kentucky’s poverty rate was 17.2%, while Letcher County’s was 31.6% and median
household income in Letcher County was $15,630 less than in the rest of the state
("Kentucky Health Facts.org," 2017). Only 51% of Letcher County residents have
obtained some college compared to the rest of Kentucky reporting 60%. Along with
poverty and lack of education, other social determinants of health (SDOH) that contribute
to obesity and obesity-related chronic diseases are disproportionately higher in Letcher
County compared to Kentucky and nationally. Rates of smoking are 29% in Letcher
County, 25% in Kentucky and 14% in the U.S. ("Kentucky Health Facts.org," 2017);
rates of physical inactivity are 35% in Letcher County, 28% in Kentucky and 20% in the
U.S. ("County Health Rankings and Roadmaps," 2018). Achieving good health is also
challenged by insufficient provision of health care services (Heisler, 2017). Clinical care
in Letcher County, in terms of access and quality, was ranked 94th among the 120
Kentucky counties.
Poor diet, another critical SDOH, is also problematic for Kentuckians.
Approximately 46.2% of Kentucky adults reported consumption of fruit less than once
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daily and 24.9% reported vegetable consumption less than once daily ("Kentucky State
Nutrition, Physical Activity, and Obesity Profile," 2016). In Letcher County the Modified
Retail Food Environment Index ranged from 10.1 to 37.5. The Index is calculated by
assessing the number of healthy food retailers compared to the number of less healthy
food retailers ("Census Tract Level State Maps of the Modified Retail Food Environment
Index (mRFEI)," 2011). A score of zero indicates no healthy food retails, which are
considered as supermarkets, large grocery stores, produce stores or supercenters. Less
healthy food retailers are considered convenience stores, fast food restaurants and small
grocery stores with three or less employees ("Census Tract Level State Maps of the
Modified Retail Food Environment Index (mRFEI)," 2011). Having a greater prevalence
of these less healthy food retailers can lead to less access to fruits and vegetables,
ultimately decreasing consumption (West, 2014).
Community-Based Interventions
Community-based interventions provide opportunities to reduce the risk or better
manage obesity-related chronic disease (Caitlin et al., 2018). Community-based
interventions are important tools to overcome socioeconomic barriers and built
environment inadequacies that limit healthy lifestyle choices. As stated previously, lack
of resources and financial barriers limit access to fruits and vegetable in rural
communities (Heisler, 2017). Typically, individuals with lower socioeconomic status live
in communities where walkability is low and access to convenience stores is high (Booth,
Pinkston, & Poston, 2005). Convenience stores tend to offer greater sugar sweetened
beverages and snacks, and processed foods rather than fruits and vegetables. In general,
low-income families and rural populations are at greater risk for experiencing food
7

insecurity and consuming few nutrient-rich foods (Caitlin et al., 2018). This lack of
nutrient-rich food consumption is replaced with high caloric convenience foods, which
places low income, rural populations at a greater risk for developing chronic disease
(Dharod, Drewette-Card, & Crawford, 2011).
As well, walkability is also an issue in rural communities. Walkability refers to
areas within communities where people are willing and able to walk. Areas that are too
steep, dangerous, unpleasant, or crowded with cars are associated with low walkability
and contribute to community members being unwilling to walk to employment options,
healthy food options or for exercise (Bantjes, 2011).
Community-based approaches overcome some of these built environmental
challenges to positive lifestyle behaviors by utilizing unique community assets
(Middleton et al., 2014). The benefit of utilizing a community-based approach is that it
affects multiple levels of influence, including the built environment and individuals. This
multi-level approach involves the community in the decision making process and has
effectively promoted behavior change, specifically weight changes (Middleton et al.,
2014). For example, the built environment can be considered as intervening with retail
food sources such as local farmers markets as the intervention medium. Influences in
social environment is another level to the approach, which may include entire families,
children and social media to encourage walking programs or fruit and vegetable
consumption through education and recipes. Both of these levels can incorporate policy
changes or involvement of community stakeholders (Gittelsohn et al., 2017).
Involvement of community stakeholders or partners can be used to help plan and
implement the program, and exploit other community ties to benefit a program. Involving
8

further community ties can help expand the reach of community program beyond
individual participants. Local businesses, charities, health professionals, schools,
churches and community members can all work together to make community-based
changes to improve health in at-risk rural communities (Paskett et al., 2018). Significant
improvements in physical activity, fruit and vegetable consumption and weight changes
have been observed in rural communities that implemented community-based
interventions (Foulds, Bredin, & Warburton, 2011; Johnson, Robertson, Towey, StewartBrown, & Clarke, 2017). As such, community-based interventions are cost effective
strategies to improve health behaviors by generating cost savings in direct medical costs
and discounted lifetime and annual productivity, ultimately benefiting the economy of
these communities (Soler et al., 2016; Wu, Cohen, Shi, Pearson, & Sturm, 2011).
Farmers Markets
Farmers markets are often used to improve accessibility of fruits and vegetables in
communities, particularly rural communities. Locally grown produce becomes a less
expensive approach to increase consumption of fruits and vegetables when taking into
consideration travel costs associated with driving to a grocery store that sells desired
produce. On average, rural residents travel 10 miles one way, and upwards of 40 miles
one way, to reach a grocery store to purchase the bulk of their household food needs and
access fresh fruits and vegetables (Horel, Sharkey Joseph, & Dean Wesley, 2010;
Richards, 2012; Yousefian, Leighton, Fox, & Hartley, 2011). Purchasing locally grown
fruits and vegetables in a central location has become easier due to the significant
increase of farmers markets in the past ten years (Kahin, Wright, Pejavara, & Kim, 2017).
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The additional benefits of economic growth and increased employment has also been
observed to make a positive impact to the community as a whole.
The influence of nutrition education on fruit and vegetable consumption has mixed
results. An’s systematic review included studies that found the inclusion of nutrition
education in an intervention significantly increased fruit and vegetable consumption,
while others contradicted those findings by stating there were no significant changes (An,
2014). However, nutrition education was found to have a greater impact in a community
setting when tied to practical applications, such as shopping at a local farmers market
with friends and family in comparison to individual encounters with no application
(Morón, 2006). As such, the effects of education on voucher interventions vary
depending on mediums and theoretical models applied, but farmers markets are an
appropriate medium to apply a community-based nutrition education intervention
intended to increase fruit and vegetable consumption.
Farmers Market Voucher Programs
Offering vouchers to shop at a farmers market is a common strategy to encourage
fruit and vegetable consumption that furthers the affordability of shopping at a local
farmers market while supporting the local economy.
Lindsay et al. reported a significant increase in self-reported consumption of five
or more servings of fruits and vegetables among recipients of either the Supplemental
Nutrition Assistance Program, (SNAP), the Special Supplemental Nutrition Program for
Women, Infants and Children (WIC) or the Supplemental Security Income (SSI) Program
that were also enrolled into a farmers market voucher program. These program
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participants were allotted up to $20 per month to spend at the market on fresh fruits,
vegetables, eggs, bread or meat. Self-reported consumption of five or more servings of
fruits and vegetables increased from 23.7% to 29.6% among those participating for the 36 months, and 19.4% to 24.2% for the 12-month participants. As well, 93% of
participants stated the voucher program was important to them in their decision to shop at
the farmers market due to the financial support (Lindsay et al., 2013).
Another farmers market voucher program, Health Bucks, offered in low-income
communities in New York City was shown to increase self-reported fruit and vegetable
consumption and purchases by participants. Participants earned $2.00 for every $5.00
spent at the market. Compared to non-Health Bucks users, program participants reported
an increase in fruit and vegetable consumption over the past year and agreed that the
incentive program helped improve their overall consumption. As such, Health Bucks
participants made significantly more shopping trips to the farmers market compared to
non-users. Overall, respondents stated that they spent more money at farmers markets
because of Health Bucks incentives (Olsho et al., 2015).
Weinstein et al. assessed changes in biometric and anthropometric measurements
listed in patients’ medical records following participation in an urban-based farmers
market voucher program. Participants with type II diabetes were randomized into either
the intervention group that was given $6 in farmers market vouchers in conjunction with
a one-hour educational session on the health benefits of fruits and vegetables or the
control group who also had type II diabetes that only received standard of care and no
educational session or vouchers. Surveys analyzing dietary habits were given at baseline
and post-intervention. Non-significant decreases in BMI and HbgA1c were observed
11

among both groups, and the intervention group reported a decrease in the difficulty of
affording fresh fruits and vegetables, 74% to 55% (Weinstein, Galindo, Fried, Rucker, &
Davis, 2014).
A study by Bowling et al. noted family fruit and vegetable consumption increased
with the use of vouchers at urban farmers markets in conjunction with highlighting the
produce in recipe samples and cooking demonstrations throughout the seventeen-week
intervention. The goal of Bowling et al.’s study was to improve fruit and vegetable
consumption by providing education and vouchers to increase accessibility and
affordability of produce. Exposure interventions are critical to promoting fruit and
vegetable consumption to participants once vouchers have been utilized to improve
access to fruits and vegetables. Exposure interventions are defined as actions used to
encourage taste and acceptance of fruits and vegetables in the diet once they have been
obtained. Some examples of activities include samples or tastings, cooking
demonstrations, peer fruit and vegetable eating environments and family focused
nutrition education. In the study, WIC and SNAP participants who shopped at the
farmers market were eligible to receive a 40% matched incentive for what they spent that
day. Every third market attended, participants earned an extra $20 in vouchers. The
maximum amount participants could receive was $120. Exposure activities took place
weekly at the markets. A variety of activities included cooking demonstrations, tastings
of recipes, recipe cards and children focused educational activities. Surveys asking about
nutrition behaviors and nutrition literacy were given at baseline and again upon
completion of the market. Results demonstrated a significant increase in self-reported
consumption of vegetables from 2.42±0.19 servings to 2.70±0.21 and reported decrease
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in soda consumption from 0.57±0.13 to 0.43±0.12. Although self-reported fruit intake
increased from 2.71±0.21 to 2.92±0.21, the increase was not statistically significant.
Seventy percent (70%) of participants who completed the post-survey stated the program
helped improve their families’ fruit and vegetable consumption. Finally, participants
stated that the financial vouchers (23.1%) and the exposure activities (21.9%) were equal
influencers for increasing fruit and vegetable consumption in families. Study results
implied that exposure to fruits and vegetables via recipe samples and cooking
demonstrations along with modest monetary incentives in a farmers market setting
strongly influenced consumption (Bowling, Moretti, Ringelheim, Tran, & Davison,
2016).
In general, farmers market voucher programs have successfully increased fruit
and vegetable consumption among community members and thereby are an important
community asset to consider for fruit and vegetable-based community interventions
especially in the food deserts of rural communities.
Community Walking Programs
Similar to farmers market voucher programs, walking programs provide a cost
effective opportunity to engage in a healthy lifestyle behavior while overcoming issues of
access and affordability to be physically active.
Community walking programs are often used as an intervention to improve health
because of their versatility in community-based settings. By implementing walking
programs into communities, the members can self-select their pace and distances of
physical activity. Foulds et al. has found that when members selected their own pace, all
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levels of pace-intensities experienced improvements in waist circumference, total
cholesterol and systolic blood pressure for males and females (Foulds et al., 2011).
Additionally, implementing physical activity programs within a community setting with
friends and family has shown higher reports of motivation to implement the lifestyle
change (Zoellner et al., 2007). The support of family, friends and peers can also be
attributed to social support or the desire to form social networks with others (Ireland,
Finnegan-John, Hubbard, Scanlon, & Kyle, 2018). However, retention rates may be
influenced by individual’s proximity to trails, perceptions of pedestrian safety, trail safety
and amenities along the route (Zoellner, Hill, Zynda, Sample, & Yadrick, 2012). Often
times, when choosing to walk in rural communities the least direct path must often be
taken, especially in Appalachia Kentucky because of the mountainous terrain. The
mountains topography may lead to minimal access to sidewalks and crosswalks when
navigating the narrow, windy roads (Richards, 2012). A study by Wilmore et al. found
that only 39.3% of Appalachian participants reported availability of sidewalks or
shoulders in the community for safe walking, jogging, or biking and 32.1% of the sample
reported they agreed that their community was safe for walking, jogging, or bicycle
riding. However, rural adults reported they were more likely to complete physical activity
when they felt safe, had someone to be physically active with and lived within walking
distance of a park (Willmore, 2015).
Qualitative data collected from walking programs assessed outcomes related to
mental health or motivators for walking. According to Kassavou et al., some positive
influences for walking have been attributed to accessibility, opportunities, sociability and
environmental aesthetic reasons. Whereas, negative influences included crime, traffic
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safety and weather. Walk-along interviews revealed participants reporting that repetitive
walking routes helped improve health benefits such as getting fit, recovering from a
disease or losing weight but was not associated with long-term maintenance of walking
for physical activity (Kassavou, French, & Chamberlain, 2015).
In addition to improved motivation to walk, Fritz et al. noted that exercise groups
improved anthropometric and biometric parameters at post-measurements. Participants
had type II diabetes and were instructed to walk at a brisk pace for 45 minutes, three days
out of the week. High density lipoprotein (HDL), low density lipoprotein (LDL), total
cholesterol, systolic and diastolic blood pressure and BMI all significantly improved,
although there was a lack of change in glycated hemoglobin (HbgA1c), serum glucose
and serum insulin (Fritz, Wändell, Åberg, & Engfeldt, 2006), and no changes in dietary
habits (Fritz, Wändell, et al., 2006).
Negri et al. also implemented a 45-minute, three times a week supervised walking
program for participants with type II diabetes and noted positive and significant
improvements in health outcome among walkers. The four-month program included
intervention and control groups. The control group also had diabetes who were only
encouraged to partake in physical activity. Results found statistically significant
reductions in HbgA1c and total cholesterol compared to baseline in the intervention
group, although this was not significant when compared between groups. Individuals who
participated in 50% or more of the supervised walking activities, saw significant
improvements in HbgA1c, fasting glucose, walk time improvements and energy
expenditure compared to control. There was also a significant correlation between
physical activity and weight reduction (Negri et al., 2010).
15

Socio-Ecological Model-Based Nutrition Education to Influence Fruit and Vegetable
Consumption and Physical Activity Behavior Changes
Utilizing education that is adapted to encourage behavior change is essential for
intervening in lifestyle habits. Without education, participants may not be willing to make
changes to better health and daily routines because of lack of knowledge to know how to
properly do so (Bowling et al., 2016). The Socio-Ecological Model may be a beneficial
framework to consider when adapting education.
The Socio-Ecologic Model considers the interactions between the individual,
relationship, community and societal factors on the influence of change. This framework
proposes that for best maintenance of behavior change, each level of influence must be
addressed rather than just one. According to Robinson, the framework can be broken into
five levels. The first level is intrapersonal which may be influenced by taste preferences,
habits, knowledge or skills. Second is the interpersonal level where culture, social
traditions, role expectations and patterns within peer groups, friends and family can all
impact eating practices or physical activity. The final three levels are organizational,
community and public policy that are environmental factors that affect food and activity
access and availability (Robinson, 2008).
An article from Townsend et al. found the interpersonal level had the largest
discrepancy associated with food choices at lunch. This indicates the importance of social
influences on healthy food behaviors and the need for addressing social norms along with
individual behavior within environments (Townsend & Foster, 2011). Similarly, GilesCorti et al. supported the same finding within physical activity. The results found that the
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influence on the behavior to complete physical activity was secondary to the individual
and social environmental factors (Giles-Corti & Donovan, 2002).
Developing education mediums that effect change within the intrapersonal and
interpersonal levels may have the strongest influence on fruit and vegetable consumption
and physical activity. However, few farmers market voucher programs utilized
educational components. The programs that did included motivational interviewing or
nutrition counseling to aid in purchasing at markets, but failed to specify the use of the
Socio-Ecological Model. Given this restriction, the use of education can still influence
intervention outcomes.
Conclusion
Poor dietary habits and physical inactivity are the top causes for the obesity
epidemic in the U.S. (Ross et al., 2015). As well, rural communities have up to a 6.2%
greater prevalence of obesity compared to urban communities (Umstattd Meyer et al.,
2016). In particular, Appalachia Kentucky experiences disproportionately greater rates of
obesity and obesity-related chronic diseases than the rest of Kentucky and the nation.
Appalachian communities are in need of creative community-based solutions to
overcome barriers of access and affordability to encourage engagement in healthy
lifestyle activities including increased fruit and vegetable consumption and physical
activity. Both community-level walking programs and farmers market voucher programs
improved weight management. Walking programs have been associated with positive
changes in systolic and diastolic blood pressure, resting heart rate, body fat, total
cholesterol, HDL, LDL, maximal oxygen uptake, depression, and physical function (S.
Hanson & Jones, 2015). While farmers market voucher programs has improved fruit and
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vegetable consumption (Olsho et al., 2015). As well, including education and exposure
interventions has positively influenced behavior change (Bowling et al., 2016).
To our knowledge, changes in biometric parameters, anthropometric
measurements, self-reported changes in fruit and vegetable consumption, or physical
activity have not been evaluated following a community-based intervention that
combined a walking and farmers market voucher program that encouraged participants to
walk a short distance (1.2 miles) and then redeem their vouchers at the local farmers
market.
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CHAPTER 3. METHODOLOGY
Methods
Study Participants
All study procedures were approved by the University of Kentucky’s Institutional
Review Board. The current feasibility study took place in an Eastern Kentucky town in
rural Appalachia. A well-respected community stakeholder assisted with the recruitment
of study participants using word of mouth and Facebook. The community stakeholder
and participants took it upon themselves to post on personal Facebook pages and/or
personal message other community members due to excitement of the program, which
led to snowball recruitment. Participant inclusion criteria was that community members
must be 18 years of age or older and non-pregnant. If participants did not meet these
criteria they were excluded.
Procedures
Interested participants were invited to the county Extension office on two separate
days in May 2017 to complete informed consent protocols and complete baseline
questionnaires and measurements. After completing their baseline screening, all
participants received a t-shirt. Post-measurements were collected at the same location on
two separate days in October 2017, in which participants received a $10 Walmart gift
card.
Intervention
The 16- week community-initiated Tanglewood Trail (TT) Walking Program
required participants to come to the farmers market each Saturday, June – September, to
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receive and redeem a $10 farmers market voucher. In addition, participants were
encouraged to walk 1.2 miles roundtrip from the local housing authority to the farmers
market. Two community members were responsible for signing participants in, recording
whether participants walked to the market and for providing participants with one $5
farmers market token and five $1 tokens to purchase fresh fruits and vegetables from the
market. Purchases were limited to fruits and vegetables.
The TT Walking Program included a nutrition education component (Di Noia &
Prochaska, 2010). Participants received monthly nutrition education handouts focused on
fruit and vegetable consumption and engagement in physical activity. Titles of handouts
included Eat the Rainbow, Air Pollution, Food Pollution, Beyond Fresh and Cooking
Methods.
To further promote fruit and vegetable consumption, Plate it Up! Kentucky Proud
recipes and paired phytonutrient information cards were handed out twice per month
(Stephenson, Stephenson, & Mayes, 2012). The phytonutrient cards highlighted the
health benefits of the prominent phytonutrients found in each recipe. Each month, one of
the recipes was prepared and offered as samples to participants at the farmers market.
Questionnaires
Research team members handed questionnaires out to participants, which were
then completed independently. The pre-survey questionnaire included basic demographic
information: age, gender, race, ethnicity, tobacco use, pregnancy status, marital status,
participation in other farmers market incentive programs and self-reported health
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conditions; questions to assess current knowledge of phytonutrients; level of physical
activity; and their top three reasons for participating in the program.
An adapted version the Nurses’ Health Study food frequency questionnaire was
used to collect self-reported fruit and vegetable consumption ("Nurses' Health Study II,"
2015; Rimm et al., 1992; Willett et al., 1985). The food frequency portion of the
questionnaire included 17 fruits and 28 vegetables listed with their respective serving
sizes as described by Choose My Plate ("Dietary Guidelines For Americans ", 20152020). Participants were asked to report their usual consumption of fresh, frozen, canned
or dried fruits and vegetables in the past 7 days. Response categories for each item ranged
from “0 times per day” to “6 or more times per day”. Guided by the Produce for Better
Health website, the food items were organized into color categories as follows: redgrapefruit, strawberries, tomatoes, tomato juice, tomato sauce and salsa; orange/yellowcantaloupe, tangerines, oranges, fortified orange juice, orange juice, apricots, raw carrots,
cooked carrots, corn, yams and orange squash; blue/purple- raisins, prunes, eggplant and
blueberries; white- bananas, hummus, tofu, cauliflower, onion garnish, cooked onions;
green (light and dark green)- avocados, string beans, peas, broccoli, brussel sprouts, kale,
cooked spinach, raw spinach, iceberg lettuce and romaine lettuce; other- produce that
could be multiple colors on the survey, apple juice, apples, other juices, peaches, beans or
lentils, cabbage, mixed vegetables, and peppers ("Phytochemical Info Center," 2018).
The post-questionnaires were formatted similar to the pre-questionnaire, but
contained additional questions pertaining to household income.
Physical Measurements
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Physical measurements and medication use were also obtained from participants
at the time of consent and post-measurements by trained UK research personnel by
following either standard assessment protocols or the manufacturer’s instructions.
Anthropometric measurements included height (stadiometer, seca213), weight (Omron
HBF516B), waist circumference (3 measurements (Tigbe, Granat, Sattar, & Lean, 2017)).
Collected biometric parameters included blood pressure (3 readings, Omron Model
BP742N (Widener, Yang, Costello, & Allen, 1999)), non-invasive carotenoid scan (3
scans, Veggie Meter® (Nix, 2018)), finger-stick total cholesterol, HDL, LDL,
(Cardiocheck PA) and HbgA1c (PTS Diagnostics A1C Now). Participants were asked a
yes or no question if they are currently taking any medications to control blood pressure,
cholesterol levels or diabetes. From the physical measurements and questionnaire data we
calculated the total cholesterol/HDL ratio and change in the 10-year risk of heart disease
or stroke using the atherosclerotic cardiovascular disease (ASCVD) Heart Risk
Calculator (Goff David et al., 2014; "Health Risk Calculator," 2019).
Statistical Analysis
Pre- and post-questionnaires, voucher and measurement data was entered into
REDCap. SAS v. 9.4 software was used for data analysis. Baseline data revealed that
only 19.8% of the study population engaged in leisure physical activities such as walking,
biking, stretching/yoga, aerobics or other activities. Of these leisure activities, 64.6% of
participants reported walking as the most common followed by stretching, 19.5%. During
the study the median number of times participants walked was 4.0±27 [ 0,16] and
redeemed vouchers 12.0 ±27.7 [0,16] times. Data was analyzed by creating two groups,
low-engagers and high-engagers that differed significantly in the number of times they
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walked to the market and redeemed vouchers, p<0.0001. High-engagers were those that
walked 9.0±17.2 [3, 16] times to the market and redeemed their vouchers 13.0±14.4
[3,16] times throughout the 16-week study (n= 60). Low-engagers were those that walked
1.0±0.47 [0, 2] time to the farmers market and redeemed their vouchers 11.0±37.0 [0, 16]
times during the study (n=61).
Means, standard deviations or frequencies were calculated for each of the physical
measure variables included in the questionnaires and measurements. Dependent t-tests for
pre- and post-changes were used to test for significance within each group for continuous
variables. Chi-square analysis was used to detect significant differences between
categorical variables of groups (Watt, Appel, Lopez, Flores, & Lawhon, 2015).
ANOVA-Repeated Measures Analyses for Physical Measurement Outcomes
ANOVA with repeated measures analyses were used to compare the changes in
means of physical measurements over time. The high-engagers and low-engagers groups
were combined for analyses because the low-engagers experienced similar significant
changes in finger-stick measurements as the high-engagers, aside from the change in
HDL cholesterol. Outcome variables included the finger-stick measurements, WC, BMI
and blood pressure. Because fruit and vegetable consumption and physical activity are
associated with improving blood lipids, blood pressure, glucose control and weight they
were included as independent variables in repeated measure analyses to determine if the
significant changes in physical measurements were associated with fruit and vegetable
consumption, walking or both For each outcome variable the following independent
variables were included separately resulting in three different ANOVA-repeated
measures analyses for each outcome variable: 1) the difference in self-reported fruit and
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vegetable intake from pre- to post-intervention; 2) voucher redemption rate; and 3)
walking status (high-engagers or low-engagers). If any significant associations were
detected then age, sex and race were added to analyses as independent variables. Changes
were considered significant at p <0 .05 (Friedman et al., 2014).
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CHAPTER 4. RESULTS
Results
A total of 123 eligible participants completed baseline measurements and
questionnaires. Two participants dropped out of the study within the first month of the
intervention due to lack of interest.
Baseline Demographics
Of the 121 participants that remained in the study, their reported reasons for
program participation included receiving vouchers to the farmers market (89%), to be
physically active (82%), to spend time with friends and/or family (63%), to meet new
people (33%), and to interact with special community guests, such as the mayor or judge
executive (15%) (data not shown). In general, the majority of participants were white,
females, non-smokers, with a total household income greater than $30,000 and 28.6%
participating in another farmers market voucher program. Fruit and vegetable
consumption was below national recommendations of 9-11 servings per day ("Dietary
Guidelines For Americans ", 2015-2020), and participants reported being physically
active only 2.34± 1.88 days per week. Participants’ BMI was considered class I obese,
33.4+7.1; waist circumference high-risk for the development of cardiovascular disease
among males and females (men > 40 inches, women > 35 inches ("Classification of
Overweight and Obesity by BMI, Waist Circumference, and Associated Disease
Risks,")), stage I hypertension (130 – 139 mmHg systolic or 80-89 mmHg diastolic,
("Understanding Blood Pressure Readings," 2017)); low HDL cholesterol among males
(< 50 mg/dL males, < 40 mg/dL females, ("High Blood Cholesterol Diagnosis,")); total
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cholesterol/HDL ratio above 3.5; and pre-diabetic HbgA1c ( 5.7 - 6.4%, ("The A1c Test
& Diabetes," 2018)), but normal total cholesterol (125- 200 mg/dL), LDL cholesterol
levels (< 100 mg/dL, ("High Blood Cholesterol Diagnosis,")) and a 10% 10-year risk of
developing heart disease or stroke score ("ASCVD Risk Estimator Plus,")). Less than a
third of participants self-reported using cholesterol and diabetes medications and 39%
were managing blood pressure with medication.
Compared to high-engagers, the low-engagers were older, 53.9+14.7 vs.
46.7+14.7 years, p=0.01; less likely to be married, p=0.04; participated in fewer days of
leisure physical activity, 1.71± 1.7 vs. 3.0 ±1.8 days, p=0.0002; lower diastolic blood
pressure, 80.6+9.3 vs. 84.3+10.8 mmHg, p= 0.05; greater number of self-reported health
conditions, 2.0+2.0 vs. 1.4+1.0, p= 0.05, and low-engagers self-reported significantly
greater use of blood pressure and cholesterol medications (p < 0.05, Table 1).
Table 1. Baseline demographics for all study participants, low-engagers and highengagers.
All
LowHigh-Engagers
P-Value
Participants Engagers
(n= 61)
(n= 121)
(n= 60)
Mean ± SD
or %
Age
50.2+15.0
53.9+14.7
46.7+14.7
0.01
Sex (male)
24.3
25.0
23.7
0.87
Race/ethnicity (white/non- 95.4
96.2
94.7
0.38
Hispanic)
Married (yes)
64.0
53.9
72.9
0.04
Smoker (yes)
8.1
9.62
6.8
0.58
Household income
<$20,000
31.0
29.2
32.4
0.28
$20-29,000
17.2
29.2
8.8
$30–49,000
24.1
16.7
29.4
>$50,000
27.6
53.9
67.4
Participation in other FM
voucher program (yes)
28.6
29.5
27.8
0.68
Local F/V prescription
15.2
15.7
14.8
0.90
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3.53
program
0.30
0.0
1.0
2.00
WIC
0.85
13.0
11.8
12.4
SNAP Double Dollars
0.0
0.0
Senior Voucher Program 0.0
Number of self-reported
4.63+3.8
4.6+3.5
4.6+4.0
0.93
servings of F/V consumed
per day
Number of self-reported
2.34+1.88
1.71+1.7
3.0+1.8
0.0002
days of being physically
active
BMI (kg/m2)
33.4+7.1
33.4+7.3
33.4+7.0
0.99
Waist circumference
(inches)
Male
45.3+6.9
44.2+6.5
46.4+7.4
0.43
Female
0.24
42.7+6.9
43.6+6.6
41.8 + 7.1
Diastolic blood pressure
82.5+10.2
80.6+9.3
84.3+10.8
0.05
(mmHg)
Systolic blood pressure
128.8+16.9
128.4+15.7 129.1+18.0
0.82
(mmHg)
Total cholesterol (mg/dL) 168.8+36.0
168.6+34.8 169.1+37.4
0.93
LDL cholesterol (mg/dL)
92.7+26.5
93.0+25.9
92.4+27.3
0.90
HDL cholesterol (mg/dL)
Male
32.3+11.3
29.3+7.3
34.9+13.5
0.20
Female
49.3+15.3
48.8+15.2
49.9+15.5
0.75
Total Cholesterol/HDL
4.11+1.6
4.2+1.7
4.1+1.5
0.70
ratio
Hemoglobin A1c (%)
6.21+1.36
6.2+1.3
6.2+1.4
0.99
ACC/AHA10-year risk of 10.2+12.4
11.2+14.2
9.1+10.0
0.50
heart disease or stroke (%)
Number of self-reported
1.68+1.72
2.0+2.0
1.4+1.0
0.05
chronic health conditions
Blood pressure medication 39.1
48.2
30.5
0.05
(yes)
Cholesterol medication
28.0
38.6
18.0
0.01
(yes)
Diabetes medication (yes) 23.7
22.8
24.6
0.82
P-values represent significant differences in variables between low-engagers and highengagers. P<0.05 was considered statistically significant. Abbreviations: farmers
market (FM), fruits and vegetables (F/V), the American College of Cardiology/American
Heart Association (ACC/AHACVD).
Differences in Anthropometric/Biometric Measures
Several positive changes in physical measurements occurred from pre- to postintervention. Among all participants’ significant changes included a decrease in total
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cholesterol, LDL cholesterol, an increase in HDL cholesterol, decrease in the ratio of
total cholesterol/HDL cholesterol, decrease in 10-year risk of heart disease or stroke
calculation, and a decrease in HbgA1c (p< 0.05). Similar, positive and significant
changes were observed within the low-engagers and high-engagers, with the exception of
positive changes in HDL cholesterol and 10-year cardiovascular risk score from pre- to
post-intervention among high-engagers. Increased HDL cholesterol among high-engagers
was the only significantly different measurement detected between low-engagers and
high-engagers following the intervention, 1.6+4.3 vs. 8.8+7.2, males, p=0.01 and
0.04+8.5 vs. 5.3+10.0, females, p= 0.03. There were significant increases in the number
of self-reported days of physical activity within each group following the intervention
(Table 2). In addition, there were no significant changes in the number of participants
self-reporting the use of medications to manage high blood pressure, cholesterol or
diabetes. By post-intervention, however, among high-engagers one additional participant
reported taking medication to control diabetes; and among low-engagers one additional
participant reported taking medications to control blood pressure and three participants
reported use of medications to manage cholesterol (data not shown).
Table 2. Differences in health outcomes and self-reported physical activity level.
All participants LowHigh-Engagers P(n)
Engagers (n)
(n)
Value
BMI (kg/m2)
-0.13+1.6 (91)
0.02+0.93 (40) -0.26+2.0 (51)
0.37
Waist circumference
(inches)
Male
-0.32+1.7 (21)
-0.30+1.3 (10) -0.34+2.1 (11)
Female
0.47
-0.66+3.3 (64)
-0.33+2.3 (25) -0.88+3.8 (39)
Diastolic blood pressure -1.2+7.4 (91)
-1.19+7.1 (40) -1.2+7.7 (51)
0.98
(mmHg)
Systolic blood pressure -2.3+12.6 (91)
-2.2+13.1 (40) -2.4+12.4 (51)
0.94
(mmHg)
Total cholesterol
-12.7+28.0
-14.8+32.5
-11.0+24.2
0.54
(mg/dL)
(89)*
(39)*
(50)*
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LDL cholesterol
(mg/dL)
HDL cholesterol
(mg/dL)
Male
Female
Total Cholesterol/HDL
ratio
ACC/AHA10-year risk
of heart disease or
stroke (%)
Hemoglobin A1c (%)

-12.4+20.4
(89)*

-11.9+23.8
(39)*

-12.7+17.5
(50)*

0.85

5.4+6.9 (21)*
3.2+9.7 (61)*

1.6+4.3 (10)
0.04+8.5 (24)

8.8+7.2 (11)*
5.3+10.0 (37)*

0.01
0.03

-0.58 +0.98
(82)*
-0.85+2.6 (43)*

-0.42+1.1
(37)*
-0.32+3.3 (21)

-0.71 + 0.85
(45)*
-1.4+1.4 (22)*

0.19
0.20

-0.23+0.53
-0.31+0.53
-0.20 + 0.52
0.37
(87)*
(36)*
(51)*
Number of self-reported 1.52+2.3 (56)*
1.71+2.6 (21)* 1.4+2.1 (35)*
0.64
days of being physically
active (days)
The p-value indicates significant differences in post-measurements between low-engagers
and high-engagers, *indicates a difference within each group from pre- to postmeasurements.
Self-Reported Fruit and Vegetable Intake
Table 3 represent the self-reported consumption of fruits and vegetables for study
participants.
Table 3. Post-intervention average of the number of self-reported fruits and
vegetables consumed per day among Walking Program participants.
All Participant
Low-Engagers
High-Engagers PMean ± SD (n)
(n) Mean ± SD
(n)
Value
or %
Mean ± SD
or %
Fruits and vegetables
1.9±3.5 (62)*
1.0±4.2 (25)
2.4±2.7 (37)*
0.01
Fruits
0.7±1.3 (61)*
0.5±1.7 (25)
0.8±0.9 (36)*
0.50
Vegetables
1.2±2.6 (61)*
0.5±3.1 (25)
1.7±2.1 (36)*
0.12
Red fruits and vegetables
0.5±0.7 (59)*
0.3±0.8 (25)*
0.5±0.7 (34)*
0.30
Orange fruits and
0.3±1.0 (60)*
0.3±1.2 (25)
0.4±0.8 (35)*
0.63
vegetables
Blue fruits and vegetables
0.1± 0.4 (56)*
0.1± 0.5 (23)
0.2±0.2 (33)*
0.67
White fruits and vegetables 0.1±0.6 (61)
0.05±0.6 (25)
0.2±0.5 (36)*
0.13
Green fruits and vegetables 0.3±1.0 (57)
0.04±1.3 (23)
0.4±0.8 (34)*
0.23
Other fruits and vegetables 0.5±0.9 (61)*
0.4±1.1 (25)
0.6±0.7 (36)*
0.50
The p-value indicates significant differences in post-measurements between low-engagers
and high-engagers, *indicates a significant difference within each group from pre- to
post-measurements, P< 0.05.
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Baseline self-reported fruit and vegetable consumption showed no significant
differences between the high-engagers and low-engagers groups (data not shown).
Significant increases in the quantity and variety of self-reported fruit and vegetable
consumption was observed among all participants and the high-engagers group from pre
to post-intervention, p < 0.05. The low-engagers did demonstrate a significant increase in
the consumption of red/orange fruits and vegetables, p < 0.05. There was a significant
difference in the change in overall fruit and vegetable consumption between the lowengagers and high-engagers, with high-engagers increasing average daily fruit and
vegetable consumption over low-engagers by 2.4+2.7 vs. 1.0+4.2 servings per day,
p=0.01 (Table 3).
Effects of Education on Phytonutrient Knowledge
There was improvement in knowledge pertaining to participants’ awareness of the
term “phytonutrient”. At baseline, only 26.2% of participants recognized the term, which
increased to 55% at post-intervention. Of those that heard of phytonutrients, significantly
less participants believed they improved health at baseline, 35.9%, which increased to
75% following the intervention, p=0.002. Of those that heard of phytonutrients, only
37.3% believed they helped manage or prevent chronic diseases at baseline, which
significantly increased to 74.4% following the intervention, p=0.002. Finally, at baseline,
significantly fewer participants, 30.4%, correctly identified plant-based foods as the
primary source of phytonutrients, which increased to 66.7% following the intervention,
p= 0.01 (Table 4).
Table 4. Percent change of knowledge and perceived benefits in participants who
reported hearing of the term “phytonutrient” from pre- to post-intervention.
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*All Participants
Baseline %

All Participants
Post- Intervention
%
Yes
No
55.2
44.8
(n=32)
(n=26)

Yes
No
P-Value
P-Value
Awareness of the 26.2
73.8
0.001
0.43
term
(n=28)
(n=79)
“phytonutrient”
Believed to have
35.9
64.2
0.04
75.0
25.0
0.002
improved health
(n=19)
(n=34)
(n=30)
(n=10)
Believed to help
37.3
62.8
0.07
74.4
25.6
0.002
manage or
(n=19)
(n=32)
(n=39)
(n=10)
prevent chronic
diseases
Correctly
30.4
69.6
0.001
66.7
33.3
0.01
identified plant(n=34)
(n=78)
(n=60)
(n=20)
based foods as the
primary source of
phytonutrients
*Skip logic was used for the series of knowledge questions. Only those that answered
“yes” to being aware of the term phytonutrient were asked questions pertaining to the
health efficacy of phytonutrients.
The p-value indicates significant differences between baseline and post-intervention, P<
0.05.
ANOVA-Repeated Measures Analyses for Physical Measurement Outcomes
The analyses showed that time, pre- to post-intervention, was significantly
associated with changes in LDL cholesterol, total cholesterol, HDL cholesterol, HbgA1c,
systolic and diastolic blood pressure, and ACC/AHA10-year risk of heart disease or
stroke. Interactions between time x self-reported fruit and vegetable consumption were
associated with significant and positive changes in LDL cholesterol, total cholesterol, and
HbgA1c. The interaction between time x voucher redemption rate was significantly
associated with decreases in systolic blood pressure and diastolic blood pressure.
Walking status (walking > 3 times to the market) was only associated with increased
HDL. Significant associations were no longer observed once adjusted for additional
independent variables.
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CHAPTER 5. DISCUSSION
The purpose of this study was to determine if a combined walking program and
farmers market voucher, nutrition education program improved health parameters in a
rural Appalachian community. To our knowledge, this community program model has
not previously been reported. This feasibility study demonstrated that providing
individuals with a $10 fruit and vegetable voucher to the local farmers market was
associated with positive and significant changes in finger-stick total cholesterol, LDL
cholesterol, total cholesterol/HDL ratio, HbgA1c and ACC/AHA10-year heart disease or
stroke risk score following the 16-week intervention. Moreover, those that were
considered to be more highly engaged (high-engagers: walked 9.0±17.2 [3, 16] times to
the market and redeemed their vouchers 13.0±14.4 [3,16]), had a significant increase in
post-intervention HDL cholesterol above the low-engagers (walked 1.0±0.47 [0, 2] time
to the farmers market and redeemed their vouchers 11.0±37.0 [0, 16] times).
Improvements in health parameters, including increased HDL cholesterol, have
been observed in other walking programs (S. Hanson & Jones, 2015). The rigor of the
walking program of the current study however, was not as intense as reported in previous
studies that observed significant changes in lipids, HbgA1c and blood pressure (Fritz,
Wandell, Aberg, & Engfeldt, 2006; Negri et al., 2010). Nonetheless, the importance of
participating in physical activity at any level and amount has been recognized by the
American Heart Association as being beneficial to health (Piercy et al., 2018). Bouts of
ten-minutes of low-intensity physical activity has been significantly associated with
reduced mortality risk among senior men (Jefferis et al., 2018). Activities considered
low-intensity include actions such as, walking from the car, taking the stairs, carrying the
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trash out, etc. (Piercy et al., 2018). In the current study, participants were likely spending
at least ten minutes walking the roundtrip to the farmers market at low to moderate-levels
of physical activity. Though seemingly minimal, this weekly bout of physical activity
was associated with increased HDL levels of high-engagers significantly beyond those
observed in low-engagers. Albeit, the high-engagers could have been obtaining more
physical activity outside of the intervention, or they became more physically active as a
result of program participation to positively impact HDL cholesterol. These physical
activity nuances were not reflected in the self-reported physical activity data following
the intervention as there were no significant differences between groups. At baseline
however, the self-reported physical activity data did show that high-engagers reported a
greater number of days of engaging in leisure physically activity, but without any
differences in baseline HDL cholesterol. At the end of the study however, there were
significant increases within each group reporting an increase in the number of days spent
participating in leisure physical activity, but no significant difference between groups.
The objective measure collected weekly by the community leader that recorded whether a
participant walked or not, did show that high-engagers significantly walked more than
low-engagers, 9 versus an average of 0.6 times during the 16-week program. The
motivation to walk could have stemmed from the social cohesion that develops as a result
of family and friends coming together to form a walking group (S. Hanson & Jones,
2015). The formation of walking groups was fostered in the current study by establishing
a designated time and location for individuals to meet to walk together to the farmers
market.
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Therefore, even though not captured in the number of self-reported days of
participating in lesuire physically active, the high-engagers did walk the community trail
more frequently during the intervention and was likely a contributing factor to increasing
HDL levels beyond those observed within the low-engagers group. In the ANOVArepeated measures analyses, only walking as the independent variable was significantly
associated with increased HDL cholesterol despite the significant increase in the quantity
and variety of fruits and vegetables consumed by the high-engagers above low-engagers.
Indicating, that walking or both walking and fruit and vegetable consumption was likely
more impactful at increasing HDL cholesterol than fruit and vegetable consumption
alone.
Interestingly, the health benefits of physical activity is reported to occur in a dosedependent manner with the greatest relative health benefits being observed in physically
inactive individuals who become more physically active (Piercy et al., 2018; D. E.
Warburton & Bredin, 2016; D. E. R. Warburton, Nicol, & Bredin, 2006a, 2006b).
Though no markers pertaining to minutes spent being physically active or fitness levels
were assessed in the current study, the collective study population at baseline were obese,
hypertensive and pre-diabetic suggesting participants were likely physically inactive and
became more active, which lends itself to our study population experiencing such
positive health outcomes associated with a small increase in physical activity.
As mentioned above, both groups experienced positive changes in total
cholesterol, LDL cholesterol, ratio of total cholesterol/HDL, and HbgA1c and
ACC/AHA10-year heart disease or stroke risk score following the intervention. Along
with physical activity, the consumption of fruits and vegetables has long been recognized
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as being beneficial to health (Arya et al., 2018; Ennian et al., 2018; Zhang, 2011).
Because a diet rich in plant-based foods is associated with lowering blood lipids, blood
pressure and weight (Ledikwe et al., 2006; Sartorelli et al., 2008), it is reasonable to
suggest that as a result of participating in our intervention, increased fruit and vegetable
consumption occurred, which attributed to the positive changes in health outcomes. A
likely reason for the significant increase in fruit and vegetable consumption by all
participants was the free weekly fruit and vegetable voucher. As such, the $10 voucher
and presence of the farmers market helped overcome the cost and accessibility barriers
often associated with low intake of fresh fruits and vegetables in rural settings (Lindsay et
al., 2013; Olsho et al., 2015).
Furthermore, the repeated measures analyses demonstrated that fruit and
vegetable consumption was associated with the positive changes in health outcomes
observed in our study. When the repeated measures analyses were adjusted for change in
self-reported fruit and vegetable intake significant associations with total cholesterol,
LDL cholesterol, ACC/AHA10-year risk of heart disease or stroke (%), and HbgA1c
emerged. Significant associations with systolic and diastolic blood pressure did not
appear in the bivariate analysis, but emerged when adjusted for the interaction between
time and voucher redemption rate. Although increased voucher redemption rate does not
equate to increased fruit and vegetable consumption, several fruit and vegetable voucher
programs, including the current study, have observed increased self-reported fruit and
vegetable intake following participation in a voucher program (Thomson & Ravia, 2011;
Weinstein et al., 2014). Thereby, increased voucher redemption is likely associated with
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increased fruit and vegetable consumption. All observed significant associations
however, did not remain once adjusted for age, sex, or gender.
Importantly, studies are not only reporting the health benefits of the quantity of
fruits and vegetables consumed, but also the variety. As such, studies have demonstrated
that consumption of more colors of fruits and vegetables in comparison to quantity may
be more beneficial for health and chronic disease prevention (Breda & Kok, 2018;
Conklin et al., 2014). Greater variety in fruits and vegetables is critical for preventing and
managing chronic conditions as variety improves nutritional adequacy and diet quality by
increasing exposure to a wide range of vitamins, minerals, fibers and phytonutrients
necessary to support normal health (Drescher, Thiele, & Mensink, 2007). The
observation that the variety of fruit and vegetable consumption increased among all
participants in the current study is an important outcome because the positive changes we
observed in blood lipids and HbgA1c are health benefits associated with various
phytonutrients reported in previous research (Conklin et al., 2014). Also imperative, was
the finding by Conklin et al., that individuals of lower socioeconomic status that received
vouchers to surmount financial barriers of food access improved the variety of fruit and
vegetable consumption (Conklin et al., 2014). Our voucher program may have afforded
the same opportunity as a third of our study population reported an income of <$20,000
and reported participation in other farmers market voucher programs offered to those
meeting Federal Poverty Levels.
Despite the occurrence of positive changes in biometric parameters we did not
observe similar improvements in blood pressure or anthropometric measurements. Nonsignificant decreases in blood pressure, weight and waist circumference occurred.
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Importantly, these measurements did not increase in either the high-engagers or lowengagers groups. As noted by Nichols et al., weight maintenance may be a more realistic
goal rather than weight loss among those in positive energy balance. Even still, medical
cost savings can still be incurred with weight maintenance by preventing a worsening in
cardiovascular disease risk factors associated with increasing obesity status (Kumanyika
et al., 2008; Nichols, Bell, Kimes, & O’Keeffe-Rosetti, 2016). For example, preventing
the worsening of HbgA1c levels may save 5% of medical costs (Nichols et al., 2016).
The estimated cost of care associated with a diagnosed diabetic is $327 billion, including
$237 billion in direct medical costs and $90 billion in reduced productivity (Petersen,
2018). If one-fifth of the 30 million type II diabetics used lifestyle changes to reduce
HbgA1c levels by only 1%, a substantial cost savings of at least $10 billion annually is
estimated to occur (Keckley, 2018). Thus, keeping cardiovascular disease risk factors
stagnant is still important in a community with such rampant obesity and high prevalence
of health complications associated with obesity.
Another positive outcome of our study was increased participant knowledge
pertaining to phytonutrients, specifically the health benefits of phytonutrients, and being
able to correctly identify plant-based foods as the primary source of phytonutrients,
which nearly doubled following delivery of our educational tools at the farmers market.
The provided recipe cards and sample may have encouraged fruit and vegetable
consumption. Bowling et al., reported that educational mediums such as tastings, cooking
demonstrations, peer fruit and vegetable eating environments and family focusednutrition education can improve reported produce consumption (Bowling et al., 2016).
Limitations
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Study limitations do exist. The study population was a result of self-selected bias,
and was likely to have a greater degree of motivation to make lifestyle changes.
However, even if participants were motivated to make lifestyle changes, the baseline
characteristics show these community members to be obese, hypertensive, pre-diabetic
and have low HDL cholesterol, and thereby could benefit from participation in a walking
and fruit and vegetable voucher program.
All information collected on the pre- and post-surveys were self-reported. This
leads to an uncertainty in the accuracy the fruit and vegetable intake data reported, but the
qualitative data collected from the survey question asking participants for any additional
comments regarding the program, revealed that 28% of participants attributed
participation in the voucher program as to why they increased fruit and vegetable
consumption (data not shown). As well, other studies using voucher or walking programs
incorporated self-reported data that share the same challenges (Thomson & Ravia, 2011;
Weinstein et al., 2014).
The increase in the quantity and variety of self-reported fruit and vegetable
consumption could be attributed to the time of year as increased fruit and vegetable
consumption tends to increase in the summer because of availability and the decreased
cost (Bailey & Idlebrook, 2010). Purchasing a variety of fruits and vegetables however,
is a positive unintended consequence of participating in a farmers market voucher
program that spans the length of a farmers market season because the market experiences
seasonal availability of fruits and vegetables. From the data collected we cannot delineate
the influence of the nutrition education from the seasonal change in produce availability
on the positive changes observed with the variety of fruits and vegetables consumed.
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Future studies should include a control group to confirm the effectiveness of this
program model on fruit and vegetables consumption and other outcomes in a rural,
Appalachian setting. Incorporating pedometers or Fitbits to objectively assess physical
activity would also be beneficial to the study design, and assessing maintenance of
behavior changes beyond the farmers market season and without the vouchers would also
be informative of program impact.
Conclusion
In conclusion, whether participants walked more or less frequently the 1.2 mile
roundtrip distance to the farmer market throughout the 16-week walking and farmers
market voucher program, they experienced benefits to health. This community-initiated
program was successful at increasing the quantity and variety of self-reported fruit and
vegetable consumption; and improving health indicators associated with chronic diseases
including diabetes and cardiovascular diseases by lowering total cholesterol, LDL
cholesterol, ACC/AHA10-year risk of heart disease or stroke, and HbgA1c. Increased
HDL cholesterol levels were significantly associated among only those that walked more
frequently to the farmers market. In addition, weight, waist circumference and blood
pressure did not increase and demonstrated decreased trends, which is not ideal, but is
important in a community with high rates of obesity and other chronic diseases.
This specific community-initiated program is a good example of a community
implementing a practical solution to address obesity in their community by using their
assets (Blumenthal, DiClemente, Braithwaite, Smith, & Publishing, 2013). It also
demonstrated that a number of individuals were motivated enough by a $10 fruit and
vegetable farmers market voucher to walk approximately one mile to redeem it, which
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results in people being physically active and increasing their opportunity to consume a
variety of fruits and vegetables.
This intervention, although tailoring to the needs of a specific community, is an
important model for other rural, Appalachian communities that for similar reasons also
experience low fruit and vegetable consumption, physical inactivity and poor health
outcomes (An, 2014; Gustafson et al., 2018; Sarah Hanson et al., 2016). Given that
communities in Appalachian Kentucky have the highest rates of cardiovascular disease,
cancer and chronic respiratory diseases in the nation (CDC, 2015; Halverson, 2004;
McGuire, 2013), and given the link between diets rich in fruits and vegetables, and
increased physical activity being critical for preventing and managing chronic diseases,
identifying a community program model that at the very least increases fruit and
vegetable consumption and engages rural Appalachians in physical activity is an
important contribution to public health.
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